Plasticity of mitochondrial calcium signaling.
Evidence is emerging that a quasisynaptic local communication facilitates the calcium signaling between endoplasmic reticulum and mitochondria. However, it remains elusive whether the machinery of mitochondrial calcium signaling displays plasticity similar to the synaptic transmission. Here we studied the relationship between inositol 1,4,5-trisphosphate (IP3)-linked cytosolic [Ca2+] ([Ca2+]c) oscillations and the associated rise in mitochondrial matrix [Ca2+] ([Ca2+]m) in RBL-2H3 mast cells. We observed that the second [Ca2+]c spike is often associated with a larger rise in the [Ca2+]m than the first. It would appear that this phenomenon was not due to a change in the driving force for Ca2+ uptake and therefore must be due to an enhanced Ca2+ permeability of the mitochondrial Ca2+ uptake sites (uniporter). To investigate the activation and deactivation kinetics of the uniporter during IP3 receptor-mediated Ca2+ mobilization, we established novel methods. Using these approaches, we demonstrated that the IP3-induced increase in the permeability of the uniporter lasted longer than the Ca2+ signal. The sustained increase in Ca2+ permeability was bidirectional. Furthermore, the addition of Ca2+ during the decay of the IP3 effect evoked a large further increase in the uniporter permeability. Calmodulin inhibitors did not interfere with the IP3-induced initial activation of the uniporter but inhibited the sustained phase. These results suggest that the uniporter displays a calmodulin-mediated facilitation. This plasticity may allow cooperation among sequential IP3 receptor-mediated [Ca2+] transients in the control of calcium signal propagation to the mitochondria.